OBJECTIVE: To detect predictive variables of weight changes in non-obese women. DESIGN: Three year follow-up study. SUBJECTS: Fifty-eight women (age 40.0 AE 12.8 y, height 159 AE 7 cm, weight 62.5 AE 9.6 kg and body mass index ((BMI) 24.7 AE 3.7 kgam 2 ). MEASUREMENTS: At baseline, basal metabolic rate (BMR) and respiratory quotient (RQ) by indirect calorimetry. Weight and BMI at baseline and after 3 y. RESULTS: In both univariate and multivariate analyses, age and RQ at baseline were signi®cant predictors (P`0.05) of subsequent changes in weight and BMI. CONCLUSION: In non-obese women, RQ and age are independent predictors of subsequent weight changes.
Introduction
Social, economical, environmental, familial and genetic factors have been advocated as predictors of obesity. However, clear metabolic abnormalities predisposing to a positive energy balance are detectable only in some individuals: a high metabolic rate and a reduced insulin sensitivity have been shown to protect against weight gain, 1±4 while impaired fat oxidation may promote fat deposition over the years. 5, 6 Although a high respiratory quotient (RQ) has been suggested to be associated with weight gain in lean, obese or post-obese individuals, 7±11 studies on this topic are still limited with wide differences in the experimental protocols utilised.
The aim of the present study was to correlate, in non-obese women, changes in body weight occurring over a 3-y follow-up period with baseline individual characteristics, basal metabolic rate (BMR) and RQ.
Patients and methods
The exclusion criteria applied to the women enrolled for a cross-sectional study carried out in the years 1993±1994 were the following: smoking (b5 cigarettesad), physical training, body mass index (BMI) b30 kgam 2 , recent weight loss, hypocaloric diet in the last year, eating disorders or speci®c food habits, such as vegetarianism, carbohydrate craving, etc. Ten of the selected 68 subjects did not participate as they had moved elsewhere; their general characteristics were similar to those of the individuals studied as reported below.
Therefore, 58 women participated in the study (age 40.0 AE 12.8 y, height 159 AE 7 cm, weight 62.5 AE 9.6 kg and BMI 24.7 AE 3.7 kgam 2 ). Their weight had been stable ( AE 1 kg) over the three months prior to the baseline observation. If premenopausal, they were studied between day 5 and day 10 of the menstrual cycle. The subjects gave their informed consent to the study protocol, which had been previously approved by the local ethical committee.
At baseline, all the measurements were performed early in the morning (between 08.30 and 10.30 h). Height was measured to the nearest cm and body weight after voiding, to the nearest 0.1 kg. Weight was determined with the same procedures when the women were recalled three years after baseline (second observation). BMR and RQ were determined by indirect calorimetry (open-circuit canopy system: MMC Horizon, Beckman, Anaheim, CA) in a quiet environment, with a room temperature between 24± 26 C and after a 12 h fast (postabsorptive state). Energy expenditure was derived from CO 2 production and O 2 consumption, with the appropriate Weir's formula, neglecting protein oxidation. 12 RQ was calculated as the ratio CO 2 productionaO 2 consumption. The women were asked to maintain their usual diet the day before the test, without changing the size and type of servings. The apparatus was regularly calibrated by burning ethanol: the recovery for CO 2 production and O 2 consumption was always between 97.9±99.7%, while RQ ranged from 0.653 to 0.682.
Data were expressed as mean AE s.d. The t-test for paired observations was chosen to detect differences between the 2nd observation and baseline. Simple and multiple regression analyses, as well as the calculation of linear correlation coef®cient, were employed to assess the relation between predictive and independent variables.
Results and discussion
Mean body weight and BMI did not signi®cantly change in the experimental group, as a whole, at the end of the 3 y follow-up period (62.9 AE 9.3 kg vs 62.5 AE 9.6 kg and 24.9 AE 3.7 kgam 2 vs 24.7 AE 3.7 kgam 2 , respectively), but interindividual variations were wide (from77.9 to 8.0 kg and from73.9 to 2.7 kgam 2 , respectively). Selected percentiles (pct) for weight changes were as follows: 5th pct 73.5 kg, 25th pct 70.5 kg, 50th pct 0.2 kg, 75th pct 2.2 kg and 90th pct 5.0 kg. Six women lost more than 3 kg, while 11 women gained more than 3 kg.
Baseline BMR, which averaged 1321 AE 176 kcalad, correlated with weight, age and BMI in the univariate analysis, but only to weight in the multiple regression analysis (r 0.660, SEE 120 kcalad; P`0.001). The strength of this association and the corresponding SEE are consistent with those described in the literature. 13 Baseline RQ (0.846 AE 0.048, min 0.743, max 0.960) was not related to age, weight BMI or BMR. Taking into account that fatness is usually considered as a determinant of macronutrient oxidation causing a RQ increase, 14 the lack of a relationship between RQ and BMI in this study might be due to the exclusion of obese women.
Three-year variations in weight or BMI (as difference between baseline and the second observation) were related to some baseline characteristics of the individuals. In univariate analysis weight changes were associated not only with age (r 0.270, P`0.05) but also to RQ (Figure 1 : r 0.264, P`0.05), weight (r 70.260, P`0.05) and BMI (r 70.239; P`0.10). Similar results were observed when variations of BMI were considered (data not shown). Multiple regression analyses with changes in weight or BMI as dependent variables and age, weight, BMI and RQ at baseline as predictive variables are reported in Table 1 . Age and RQ at baseline signi®cantly predicted changes in either weight or BMI with a stronger association than in the univariate regression analysis. The age-adjusted RQ of the 11 women who gained more than 3 kg was 0.913 AE 0.061 vs 0.840 AE 0.044 in the remaining 47 (P 0.047). Four of these 11 individuals also fell above the 90th percentile (six women, weight gain b5 kg) of the RQ distribution. In contrast, variations in weight or BMI were not associated (Pb0.15) with baseline BMR (in absolute values or adjusted for weight).
A few studies 7±11 have indicated an association between a defective fat oxidation (with a high RQ) and a predisposition to obesity. Very different experimental protocols have been used: Zurlo et al 7 evaluated 111 obese Pima Indians on a controlled isoenergetic diet, while Seidell et al 8 studied 775 obese and non obese men retrospectively, other investigations Figure 1 Relationship between baseline postabsorptive respiratory quotient (RQ) and weight-change over a 3 y follow-up. Table 1 Multiple regression analysis with changes in weight or body mass index (BMI) as independent variables and age, height, weight, BMI, respiratory quotient (RQ) and age-adjusted basal metabolic rate (BMR) (all considered at baseline) as predictive variables Weight changes in non-obese women M Marra et al have examined postobese subjects. 9±11 The present data focuses on a sample of normal weight and overweight women, mostly in the premenopausal period. The correlation coef®cient obtained for the relation between weight changes and RQ was quite similar to that reported by Zurlo et al 7 but higher than the one reported by Seidell et al 8 on uncontrolled diet, probably due to the use in the present study of a more accurate instrument for indirect calorimetry (canopy system).
As reviewed elsewhere, 6,15 differences in fat utilisation are only one of the factors affecting postabsorptive RQ, which is also determined by energy balance and dietary macronutrients, two variables not strictly controlled in the present study. However, no marked changes in weight occurred in the three months before the baseline observation, excluding gross alterations in energy balance. Furthermore, as energy intake in humans¯uctuates from day to day, it is unlikely that the relatively small weight changes observed after 3 y were exactly re¯ected in the energy balance over the 24 h before baseline RQ measurement. Finally, with respect to dietary macronutrients, a high-fat diet (which should lead to a decrease in RQ) rather than a high-carbohydrate diet is considered as predisposing to weight gain.
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Conclusion
Our results support the hypothesis that post-absorptive RQ may be a predictor of weight changes in nonobese women studied in free living conditions. Although energy balance and diet composition immediately prior to RQ measurement were not strictly controlled in the present study, defective fat oxidation remains a likely explanation for this ®nding.
